Speech segmentation is a process to segment speech utterances into small chunks, where each chunk represents a phoneme. The phoneme is an essential unit in any speech which is recognizable. In this paper, a segmentation speech approach was proposed to segment consonant and vowel phonemes from speech utterances of Arabic basic syllables, in order to analyze the consonant production of a group of Malay-speaking normal hearing children and adults. The approach is a combination of zero-crossing counts and signal energy. The zero-crossing counts were used to extract the noise signals, whilst the signal energy was utilized for identifying the speech signals.
INTRODUCTION
Arabic speech segmentation is a process to partition the original continuous audio waves into segmented waves that carry meaning and consist of consonants and vowels. There are rules that control the existence of consonants and vowels in Arabic speechs such as, there is no transition from vowel to vowel and there is always one of the six patterns of CV, CV:, CVC, CVCC, CV:C, CV:CC [1] , where C denotes a consonant, V denotes a vowel and V: denotes a long vowel. The Arabic basic syllables consist of 29 types of consonants and vowels that have different voicing, place and manner of production. In the literature, several methods have been proposed to segment speech for further processing [2] [3] . Almisreb et al. [4] also proposed a segmentation technique for Arabic letter spoken by Malay speakers. First, they applied a multiscale principal component to remove the noise. Then, the Zero-Crossing Rate function was used to segment the voice signals. In other approach [5] , the authors considered the silence as the main factor for speech segmentation. Mousmita and Sarma [6] also proposed a soft computing framework for phoneme segmentation used for speech recognition.
Indeed, there are a lot of variations in the production of Arabic basic syllables by native Arabic speakers and non-native speakers. However, nonnative speakers who read the holy Quran which is in Arabic have to master the pronunciation of these basic syllables before being able to read the Quran with proper recitation. Therefore in this study, we aimed to quantify the variability in the production of these basic Arabic syllables among Malay-speaking normal hearing children and adults by performing acoustic phonetic analyses. In order to be objective in segmenting the speech signals which contain consonants and vowels and purifying the samples by separating the noise from the speech energy, an effective Arabic speech segmentation method had been proposed.
The described method in this study focused on segmenting speech to define the start and end points of each phoneme in the speech signal. Thus, samples energy and zero-crossing counts were calculated to be used for distinguishing between speech and nonspeech segments. The calculation of zero-crossing counts and signal energy has been widely used for speech segmentation such as that reported in [7] [8] . However, the proposed method in this paper differs from the commonly used speech segmentation using zero-crossing counts and signal energy by normalizing and smoothing the speech signals before calculating the zero-crossing counts and signal energy. This modification made the speech segmentation more accurate, as well as more robust to noise.
The remaining of the paper is organized as follows. Section 2 discusses the speech segmentation process. Section 3 describes the proposed speech segmentation method. Section 4 introduces the data collection, and Section 5 discusses the experimental results. In Section 6, the conclusion is presented.
SPEECH SEGMENTATION
Speech segmentation is a process to segment the speech utterances into small chunks in which each chunk represents one phoneme. The phoneme is the essential unit in any speech; it is meaningful and recognizable. Several parameters have an effect on the speech signal such as the style of the speaking, the language, phoneme inventory, and the speaker's origin. Hence, all of these parameters have an impact on the speech segmentation process [9] [10] [11] . However, the idea of the speech segmentation process is to detect the start and end of each of the phoneme in the speech utterance of Consonant-Vowel (CV) format.
PROPOSED SPEECH SEGMENTATION METHOD
In this paper, a simple and efficient speech segmentation method to segment Arabic basic syllables was proposed. The speech samples used to evaluate the proposed method were obtained from eight (8) Malay-speaking, highly trained Quranic reciters with 3 to 30 years experiences in teaching AlQuran at an institution of higher learning for Quranic recitation in Malaysia. Moreover, speech samples from 25 Malaysian children that have the ability to identify Al-Quran phonemes were obtained. The proposed speech segmentation method in this paper used the zero-crossing counts and signal energy to detect the start and end of each of the phoneme in the speech utterance.
First, each speech signal was divided into small frames (80 samples/frame). Then, the zero-crossing counts and signal energy for each frame were calculated in order to be used to isolate the phonemes form the speech signal. However, the speech signals for different subjects are known not to be within the same amplitude range, because the different loudness cues. Thus, a preprocessing process was applied to normalize the speech signals into the same amplitude range. After that, the ambient noise was removed by filtering the normalized speech signal with a 1-D Gaussian filter; this process was called smoothing. This operation allowed the value of each sample more in tune with the values of its neighbors. Additionally, we assumed that each phoneme must reach certain milliseconds to be counted as a speech, so as to avoid segmenting the noise as a speech signal. The flow chart in Figure 1 shows the major processes to segment the speech signals by the proposed method.
As described above, a combination of zero-crossing counts and signal energy were utilized to segment the speech signals. However, the zero-crossing counts were used to detect the noise signals, whilst the signal energy was utilized to identify the speech signals. Based on this method, the targeted phonemes were found to have a low number of zero-crossing counts but high total energy. In contrast, noise signals were found to have a high number of zero-crossing counts, but lower total energy as compared to the targeted phonemes. 
DATA COLLECTION
The data used to validate the accuracy of the proposed speech segmentation method in this paper were collected at a public institution of Al-Quran higher learning Darul Quran (DQ) in Kuala Kubu BaruSelangor, and at the Faculty of Engineering and Built Environment, Universiti Kebangsaan Malaysia (UKM), Bangi-Selangor. The first set of data was collected from eight adult subjects from Darul Quran, who were native Malay speakers aged between 25 to 40 years old with teaching experience ranged from 3 to 30 years. All of them had formal education in Al-Quran learning from various Middle East higher learning institutions. The second set of speech data was collected from 25 Malay-speaking, normal hearing children aged between 6 to 16 years old. All pediatric subjects had the ability to identify the basic Al-Quran syllables and able to recite the Quran. Hearing screening and oro-motor examinations were performed prior to the speech recording session, in order to ensure normal hearing and normal speech motor structures for accurate speech production. These procedures were performed by qualified audiologists and speech language pathologists for all subjects' adults and children.
Subjects' task was to produce sequentially the basic Al-Quran syllables ( ‫ٲ‬ , ‫ش‬ , ‫,س‬ ‫,ز‬ ‫,ر‬ ‫,ذ‬ ‫,د‬ ‫,خ‬ ‫,ح‬ ‫,ج‬ ‫,ث‬ ‫,ت‬ ‫,ب‬ ‫,ي,ء‬ ‫,و‬ ‫,ه‬ ‫,ن‬ ‫,م‬ ‫ل‬ ‫ك,‬ ‫ق,‬ , ‫ف‬ , ‫,غ‬ ‫,ع‬ ‫,ظ‬ ‫,ط‬ ‫ض‬ , ‫ص‬ ) in the CVformat. For all consonants, the vowel attached to them was /a/. Subjects were informed to have a pause in between each syllable to facilitate the analyses. Three repetitions were made to ensure data was reliable and average values could be used for the later analyses. At both study sites (DQ and UKM), speech samples had been recorded in fairly quiet rooms with the fixed microphone position of the mouth of about 20 cm.
RESULTS AND DISCUSSION
All collected speech signals in this study were segmented by the proposed speech segmentation method described in Section 3, so as to isolate each phoneme separately. Results revealed that the proposed method performs well even with speech signals that contain ambient noise. Figure 2 shows an example of correct speech segmentation obtained using the proposed method. As an example for phoneme isolation, Figure 3 presents the segmented waveform of phoneme ‫'ق'‬ attained by the proposed method. However, in each speech signal, 87 phonemes were detected. In the segmented speech, there were three samples for each phoneme (29 arabic phonemes).
Due to the overlapping for some successive phonemes in some speech signals, especially those produced by children subjects, the proposed method failed to isolate each phoneme separately. Thus, phonetic analysis software, Praat [12] was used to allow a small period of time between the overlapped phonemes before we applied our method to segment the speech signals. On the contrary, the clear speech signals collected from adult subjects were effectively recognized from noise through calculating the zerocrossing counts and signal energy. The noise signals were found to have low energy and zero-crossing counts. As a results, the proposed method was able to successfully identify the start and end of different phonemes analyzed (Figures 2 and 3) . Even though, automatic speech segmentation is a challenging task [13] , the proposed method proved that it is sufficient for segmenting speech signals with a moderate background noise as those collected in this study.
After segmentation, all the segmented phonemes were analyzed to study the features of the different type of phonemes. However, we found that all passive phonemes such as ('
') could be recognized by the relatively high energy for a short duration at the beginning; whereas , fricative phonemes such as ('
') could be identified by high frequency spectrum with low energy. The segmented phonemes were also analyzed to obtain the frequency spectrum of each phoneme; the frequency areas with highest energy for each phoneme were extracted from the frequency spectrum by means of the Fast Fourier Transform (FFT) analyses. Next, formant frequencies or frequencies with the highest or most intense energy were utilized to identify the speech of each phoneme.
CONCLUSION
Segmenting speech in order to analyze the phoneme production represents a challenging task, as it commonly involves subjective judgment of the naked eyes. In this paper, a speech segmentation method was proposed. The proposed method was based on the calculation of zero-crossing counts and signal energy. As a preprocessing step, the speech samples were normalized to quantify all speech signals into the same amplitude range. Then, the samples were smoothed by means of Gaussian filter in order to eliminate the noise signals. Experimental results showed that the proposed method automatically segment the speech signals into their basic phonemes. The start and end points for each of the Arabic phonemes in the speech signals were clearly identified. Hence, the clearly separated targeted Arabic phonemes allow further analyses on the main frequencies and intensities of the phonemes as produced by Malay-speaking normal hearing listeners-children and adults.
